The last decade has seen a noticeable advance in diagnosing and treating infertility, however, the overall incidence has remained the same, with an estimated 40% -50% resulting from factors related to the female [1] . Unexplained infertility where the cause remains elusive, still accounts for up to 30% of cases. Increasing evidence demonstrates the significant of antioxidants in all physiological and biochemical processes in humans, including human reproduction.
Introduction
Free radicals are naturally occurring molecules that result from various biological processes secondary to oxygen metabolism; in addition, they can result from environmental factors including, pollutions, radiations, stress, etc. Accumulation of those free radicals activates a series of reactions that can ultimately lead to cellular damage and death. Antioxidants systems exist naturally to limit the harmful effects of free radicals, by inactivating them and repairing damaged cells.
This delicate and complicated balance between reactive oxygen species (ROS), and antioxidants is fundamental for proper cell functions [2] .
Disturbance of this equilibrium towards the over production of ROS leads to oxidative stress [3] which can result in significant harm to the body, including the female reproduction functions, and biological reactions involved in the complicated process of oocyte maturation and steroidogenesis.
Considering this fact could go some way in explaining the remaining questions faced in the treatment of human infertility.
Free Radicals
Free radicals are molecules that are produced naturally in the human mitochondria secondary to oxygen metabolism. Characterized by its ability to produce a series of chemical reactions aiming to regain their stability, due to lacking an electron in their outer shell, such deleterious interaction can alter cell function that ultimately ends with cell death.
Exogenous sources are well recognized, which have similar harmful effects.
Two types of free radicals are identified, reactive oxygen species (ROS) and reactive nitrogen species (RNS).
Free radicals produce their effect through lipid oxidation, which is considered the key step in initiating several diseases. Lipid oxidation leads to the accumulation of lipid byproducts, which, due to their toxicity affect the cell membrane permeability and electrophysiological signaling.
The reactions produced are progressive and once started spreads rapidly.
Thus, the initial oxidation of only a few lipid molecules can result in significant tissue damage [4] .
Presence of efficient antioxidant system in the body are mandatory for continuous deactivation of free radicals.
Antioxidants
Antioxidants are low molecular weight molecules that can attack free radicals and neutralize them through donating an electron thus reducing their capacity to damage [3] . Such interaction can safely put an end to a series of damaging reactions that can affect vital molecules.
Interestingly the human body is designed to create its own antioxidants and several antioxidant enzymes are recognized.
Glutathione is considered the chief natural antioxidant, as it is very effective in the detoxifying mechanism and maintaining the cell redox state by maintaining the crucial balance between ROS and antioxidants. In addition, its presence is critical for oocyte maturation.
Other antioxidant system components are also important and deficiency of any of the components or altered concentrations among the components may impair the function of the whole system. Anti-oxidants exert their fundamental role, through four levels of defense, starting by hindering free radicals' formation, and a scavenging mechanism to conquer the propagation reactions, vitamin E is very potent in such mechanism.
DNA repair systems form a strong defense against oxidative damage. Adaptation is the fourth level of defense where the signal for the production and reactions of free radicals prompts creation and transport of specific antioxidant to the right site [5] (Figure 1 ). Defiency of dietary intake of non-enzymatic antioxidants, has a negative impact on the integrity of the antioxidant system.
A. AL Mulla et al. Open Journal of Obstetrics and Gynecology

Role of Antioxidants in Female Fertility
Female genital tract function can be disrupted if the antioxidant system has exhausted due to over production of ROS. This can alter oocyte maturation, steroidogenesis, ovulation, in addition it can accelerate granulosa cells apoptosis, which is a naturally occurring phenomenon, involving programmed cell death.
In Vitro experiments have clearly defined, that deficiency of ovarian glutathione accelerates antral follicles atresia, which reflects the high sensitivity of antral follicles to Oxidative Stress. The same applied for the process of fertilization and embryonic development.
Studies have found higher ROS values in women with unexplained infertility, when compared with their fertile counterpart [6] .
The natural accumulation of Free radicals with age can very well explain the poorer quality of oocytes encountered in females of advanced age [7] .
Psychological stress can lead to accumulation of ROS through adopting unhealthy lifestyle behaviors such as cigarette smoking [8] . ROS resulting from psychological stress will further disturb the granulosa cell function subsquently the reduction of estradiol levels will further reduce the quality and number of retrieved oocytes.
Oxidative Stress and Folliculogenesis
The ovary is a germ cell reservoir that reflects the female fertility potential. The process of oocyte maturation is one of the most sophisticated processes in the human body involving plethora of complicated biochemical reactions that take place simultaneously and yet not fully understood.
The delicate balance and concentration of ROS have entirely different effects on the oocytes maturation while the physiological level of ROS of (60 -80 ng/ oocyte) may prompt meiotic division completion, increased level of >80 ng/oocyte can be hazardous [9] .
Evidence suggest that immature oocytes are more vulnerable to the harmful effect of free radicals that can end by cell arrest [10] .
Further more poor quality of retrieved oocytes could be attributed to accumulation of free radicals that result from exogenous gonadotropin adminstra-Open Journal of Obstetrics and Gynecology tion [11] .
Oxidative Stress and Endometriosis
Endometriosis is a benign chronic gynecologic disorder characterized by dysmenorrhea starting before the menstrual period and continuing throughout the cycle until the end of the menstrual flow, dyspareunia, pelvic pain, and subfertility. It accounts for approximately 30% -50% of female infertility [12] .
Endometriosis has long been known to be a disease of theories, however recent researches suggest that oxidative stress could be the key factor for the pathogenesis and progression of the disease.
For decades Sampson's theory linked retrograde menstruation to the development of endometriosis. Recent evidence suggests that peritoneal iron overload impairs the functionality of protective immune cells, rather than simply implantation of sheded endometrium [13] . This could be explained by the fact that once iron released from the haemoglobin it is considered as a toxic substance, that will trigger a series of reactions that ultimately generate free radicals which are toxic to the sperm and impair its motility, in addition can arrest embryo development, which explains the infertility in patients with early stage endometriosis.
Further more free radicals that are generated in endometriomas have toxic effect on the surrounding oocytes.
Recent Data explored the effectiveness of antioxidants on clinical improvement of dysmenorrhea and dyspaurnia.
Oxidative Stress and Polycystic Ovary Syndrome
Polycystic ovary syndrome (PCOS) is a heterogeneous endocrinological disease, affecting considerable number of women of childbearing age with a prevalence of 10% -15%, characterized by chronic anovulation with oligoamenorrhea, obesity, enlarged cystic ovaries, hyperandrogenism and infertility.
Insulin resistance is encountered in approximately 50% -70% in patients with PCOS [14] .
Recent researches suggest that deficiency of antioxidants is the responsible factor for reducing the sensitivity of insulin receptors. As consequences compensatory hyperinsulinemia resulted which augments luteinizing hormone, subsequently androgen production increased either via its own receptors or via insulin growth factor (IGF-1) receptors [15] .
Acceleration of antral follicle atresia (Accelerated Apoptosis) is enhanced by excessive ROS which in turn will lead to the increase of androgens through the inability to be converted to estrogen.
In addition, oxygen radicals promote completion of the first meiotic division which explains the persistence of immature follicles in PCOS.
Still the question exists whether the abnormal levels of free radicals in PCOS derive from PCOS itself or whether it results from the associated complications.
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Oxidative Stress and Reproductive Techniques
Assisted Reproductive Techniques (ART) continues to be the hope for many couples where natural conception is not possible. With all the improvement in fertilization and implantation rate, ART will never mimic the natural pregnancy, due to lack of physiological defense mechanisms, in addition to existance of external sources of ROS.
Increasing evidence supports the imporatance of high concentration of total antioxidant capacity (TAC) for successful fertilization. On the other hand defciency can explain poor quality embryos.
Human gametes possess natural antioxidant defenses. A decrease in their total antioxidant capacity (TAC) may lead to oxidative stress. The levels of these antioxidants may be indicative of the extent of oxidative stress.
Preparation of semen can activate free radicals' production through centrifugation of immature spermatozoa. Furthermore, DNA damage secondary to oxidative stress could exist in the majotity of sperms selected in ART.
Interstingly oocytes and embryos are major sources of ROS as they use oxygen to produce energy through mitochondrial oxidative phosphorylation.
Continuous efforts have been made to mimic the invivo oxygen tension that embryos are exposed to, which ranges from 2% -8%. Invitro exposure to higher oxygen concentrations has a harmful effect on late stage development of human embryos secondary to overproduction of free radicals and culturing blastocytes in low oxygen conditions has been shown to have a positive impact on live birth rate [16] .
Exposure to direct light is another threat for the gametes and developing embryos, through damage to the unsaturated lipids in the cell membrane.
Studies have shown that ROS in conventional IVF (Invitro Fertilization) is more pronounced when compared to ICSI ( Intracytoplasmic sper Injecttion).In conventional IVF, oocytes may be exposed to high concentrations of spermatozoa for up to 20 hours,this prolonged co-incubation time increases exposure to ROS produced by spermatozoa.Reduced co-incubation time has been shown to increase embryo quality and clinical pregnancy rates.
This could be due to the presenc of cumulus cells in IVF, while its absent in ICSI as deuding the oocytes is essential step prior to incubation.
DNA fragmentation was higher in cryopreserved sperm when compared to fresh testicular one.
Oocyte cryopreservation-thawing process increase the susceptibility to ROSinduced damage.
Iincreased levels of 8-hydroxy-2-deoxyguanosine was found in poor quality embryos,which indicates DNA damage secondary to over production of free radicals.
Reported data showed that using melatonin as a drug to improve oocytes quality; was successful in achieving a high fertilization rate and reducing the number of degenerated follicles, by preventing DNA damage through its anti-Open Journal of Obstetrics and Gynecology oxidant action.
The solution for repeated implantation failure could be through optimising embryo quality as well as improving endometrial receptivity.
Conclusions
Sufficient evidence exists that oxidative stress can jeopardize fertilization, implantation and embryo viability.
Supplementation of antioxidants may have positive impact on female fertility.
Future studies should further explore the fundamental role of antioxidants for optimum reproductive function and ART outcome.
